An influence of Western diet and lifestyle factors observed among Singapore Chinese may contribute to the population's marked rise in colorectal cancer incidence over the past two decades. Thus far, however, there is little evidence for individual nutrients and foods as major contributing factors in this population. We evaluated whether patterns of food intake were associated with colorectal cancer in a population-based cohort of 61,321 Singapore Chinese that was established in 1993 -98. Two dietary patterns, meat -dim sum and vegetable -fruit -soy, were previously identified by principal components analysis using baseline dietary data from a validated 165-item food frequency questionnaire. As of 31 December 2005, 961 incident colorectal cancer cases were diagnosed. Proportional hazards regression was used to calculate adjusted hazard ratios. Using nearly 10 years of follow-up data, we observed no association with either the meat -dim sum or vegetable -fruit -soy pattern for colorectal cancer. In conclusion, neither individual nutrients or foods nor dietary patterns appear to explain the rise in colorectal cancer among Singapore Chinese population. Trade and Industry, 2005). Along with the rise in industrialisation and urbanisation there was a shift in the major causes of death from infectious diseases to 'lifestyle' diseases common in Western societies, such as cancer, cardiovascular disease, and stroke (Ministry of Health, 2006). This shift was also evident with cancer trends, where cancers associated with infection, such as stomach, nasopharynx, liver, have been decreasing in incidence, whereas cancers of the prostate, breast, and colorectum have been on the rise (Seow et al, 2004) . Colorectal cancer, in particular, has increased by over 120% among men and women in the past two decades (Wong and Eu, 2007) , approaching the incidence rates seen among US Chinese (McCracken et al, 2007) .
Coinciding with gaining political independence in 1965, Singapore, a country of 4 million people, mostly of Chinese ethnicity experienced tremendous economic growth (Ministry of Trade and Industry, 2005) . Along with the rise in industrialisation and urbanisation there was a shift in the major causes of death from infectious diseases to 'lifestyle' diseases common in Western societies, such as cancer, cardiovascular disease, and stroke (Ministry of Health, 2006) . This shift was also evident with cancer trends, where cancers associated with infection, such as stomach, nasopharynx, liver, have been decreasing in incidence, whereas cancers of the prostate, breast, and colorectum have been on the rise (Seow et al, 2004) . Colorectal cancer, in particular, has increased by over 120% among men and women in the past two decades (Wong and Eu, 2007) , approaching the incidence rates seen among US Chinese (McCracken et al, 2007) .
Using data from a prospective cohort of 63 257 Singapore Chinese, we have investigated diet by analysing associations with individual nutrients and foods thought to be aetiologically relevant to colorectal cancer (World Cancer Research Fund/American Institute for Cancer Research, 2007) . While valuable, this strategy probably did not capture the complex interactions between individual nutrients and their correlations with other dietary (Randall et al, 1990; Kant et al, 1991) , lifestyle (Slattery et al, 1999; Maskarinec et al, 2000) , and sociodemographic patterns (Gex-Fabry et al, 1988; Lv and Cason, 2004 ) that may confound associations with colorectal cancer. This is one plausible explanation for the more consistent epidemiologic findings with dietary patterns and colorectal cancer, compared to those with nutrients and foods. For example, several prospective studies support a positive association with dietary patterns characterised by red meat, potatoes, sweets, and fried foods (Fung et al, 2003; Dixon et al, 2004; Kesse et al, 2006; Flood et al, 2008) . However, few data address dietary patterns among Chinese populations in relation to colorectal cancer , and to our knowledge, none have evaluated these associations in a prospective study.
MATERIALS AND METHODS
The design of the Singapore Chinese Health Study has been previously described (Yuan et al, 2003) . The cohort consisted of 63 257 men and women recruited between April 1993 and December 1998, from permanent residents or citizens of Singapore aged 45 -74 years, and who resided in government-built housing estates (86% of the Singapore population resided in such facilities). We restricted the study to individuals belonging to the two major dialect groups of Chinese in Singapore: the Hokkiens and the Cantonese. Participants completed a baseline in-person interview that elicited information on diet, demographics, current physical activity, reproductive history (women only), occupational exposure, and medical history. For these analyses, we used data from the 61 321 individuals who did not have a history of cancer diagnosis at baseline. The Institutional Review Boards at the University of Minnesota and the National University of Singapore have approved this study.
Incident colorectal cancer cases and deaths among cohort members were identified by record linkage of the cohort database with the population-based Singapore Cancer Registry and the Singapore Registry of Births and Deaths. The nationwide cancer registry has operated since 1968 and is comprehensive in its ascertainment (Parkin et al, 2003) . To date, only 17 cases were known to be lost to follow-up due to migration out of Singapore. As of 31 December 2005 (an average of 9.8 years of follow-up), 961 cohort participants developed invasive colorectal cancer (591 colon, 370 rectal/rectosigmoid cancers).
At baseline, a 165-item quantitative food frequency questionnaire, developed for and validated in this population, was administered to assess usual diet over the past year (Hankin et al, 2001) . Principal components analysis among the baseline cohort (N ¼ 63 257) was used to identify dietary patterns from the food frequency responses, details of which have been reported (Butler et al, 2006) . Briefly, the number of components retained for orthogonal rotation was based primarily on examination of scree plots and factor interpretability, but eigenvalues (41.0) and percent variance explained were also considered (Hatcher, 1994) . For each component, a score was computed as a linear composite of the foods with meaningful loading scores (e.g., X0.30). Scores were calculated by taking the unweighted sum of standardised frequencies of intake for each food associated with the pattern, then dividing them into quartiles based on the distribution of the baseline cohort. We labelled the two distinct dietary patterns: 'vegetable -fruit -soy' and 'meat-dim sum' (See Appendix  Table A1 ). Briefly, the vegetable-fruit -soy pattern was characterised by vegetable, fruit, and soyfood intake; of the 32 foods included in the pattern, 23 were vegetables, five were soyfood items, and four were fruit items. The meat-dim sum pattern contained 31 food items, predominantly chicken, pork, fish, rice and noodle dishes, and preserved foods. Eleven of the nineteen dim sum or snack items on the questionnaire were included in this pattern. No food or beverage items overlapped between the two patterns.
Statistical analysis
Person-years of follow-up were counted from the date of recruitment to the date of diagnosis of colorectal cancer, death, migration, or 31 December 2005, whichever occurred first. Proportional hazards regression methods were used to examine the associations between dietary exposure levels and colorectal cancer risk, measured by hazard ratios (HRs) and their corresponding 95% confidence intervals (CIs) (Cox, 1972) . Study participants were grouped into quartiles based on the distribution among the entire cohort. The linear trend tests for dietary pattern -cancer associations were based on ordinal values of the quartiles (0, 1, 2, 3). In all analyses, we adjusted for the following potential confounders: sex, age at baseline interview (years), year of interview (1993 -1995, 1996 -1998) , dialect group (Cantonese, Hokkien), the level of education (no formal education, primary school, secondary school, or higher), cigarette smoking ('heavy' ¼ started to smoke before the age of 15 years and smoked X13 cigarettes per day, 'light' ¼ all non-heavy smokers, never) (Tsong et al, 2007) , alcohol consumption (nondrinker, o7 drinks per week, X7 drinks per week) (Tsong et al, 2007) , body mass index (o20, 20 -23.9, 24 -27.9, X28 m kg À2 ), familial history of colorectal cancer (no, yes first-degree relative), diabetes at baseline (no, yes) (Seow et al, 2006) , any weekly physical activity (no, yes). All hazard ratios (HRs) were adjusted for age at interview (year), sex, dialect group (Cantonese, Hokkien), interview year (1993 -1995, 1996 -1998) , diabetes at baseline (no, yes), smoking history (never, 'heavy' or X13 cigarettes per day starting age o15 years, 'light' or non-heavy smokers), body mass index (o20, 20 -23.9, 24 -27.9, X28 m kg
RESULTS
The Singapore Chinese diet consists primarily of mixed dishes that are generally high in refined carbohydrates (e.g., noodles and white rice), soyfoods, and green leafy vegetables, and contain relatively small quantities of meats, such as chicken and pork. Indicative of a population in transition from low to high socioeconomic status, we observed a wide distribution of intake for traditional (e.g., fish and soy) and non-traditional (e.g., red meat and dairy) foods (Table 1) . With the exception of a positive association with marine n-3 PUFA and alcohol intake, none of the nutrients or foods was associated with colorectal cancer (Table 1) .
Individuals among the fourth quartile of the meat -dim sum pattern were more likely to be male, have higher education, report any weekly physical activity, be a heavy smoker, drink alcohol, and consume more saturated fat, compared to individuals in the first quartile (Table 2 ). Similar trends by education level and physical activity were observed between fourth and first quartiles of fruitvegetable -soy pattern intake. In contrast, individuals in the fourth fruit -vegetable -soy quartile were less likely to be heavy smokers, and more likely to consume marine n-3 and total n-6 PUFAs.
We observed no association between quartiles of the meat -dim sum or vegetable -fruit -soy dietary patterns and risk of colorectal cancer, overall or by stage of disease ( 
DISCUSSION
Using nearly 10 years of follow-up data from our Singapore Chinese cohort, we observed no association with dietary patterns for colorectal cancer. Our findings contribute to the few prospective studies of dietary patterns and cancer risk among Asian populations (Kim et al, 2005; Cui et al, 2007) . Our finding of no association with a dietary pattern characterised primarily by vegetable intake is consistent with most prospective findings for similar dietary patterns among Japanese (Kim et al, 2005) , US (Fung et al, 2003; Wu et al, 2004) , and Western European (Dixon Diabetes (% yes) 10.4 7.7 9.6 8.4
Median daily intake (interquartile range) Energy, kcal 1165 (472) 1947 (780) 1211 (576) 1800 ( Dietary patterns and colorectal cancer LM Butler et al et al, 2004) populations. However, our finding of no association with our meat-based pattern was not consistent with most previous studies. Our meat -dim sum pattern was similar to the 'Western' dietary pattern, previously characterised by red and processed meats, sweets and desserts, French fries, refined grains (Fung et al, 2003) . Positive associations have been reported among most (Fung et al, 2003; Dixon et al, 2004; Kesse et al, 2006; Flood et al, 2008) , but not all (Terry et al, 2001; Wu et al, 2004 ) US and Western European cohorts. Among the Japanese cohort, no association was observed with the Western pattern and colorectal cancer overall, but a positive association with a non-statistically significant trend was observed for colon cancer among women (Kim et al, 2005) .
Perhaps there is more convincing evidence for a positive association with a Western dietary pattern among non-Asian populations, because the pattern is more strongly correlated with other colorectal cancer risk factors, such as obesity and physical inactivity. Differences in meat cooking methods between Western and Asian populations may be another reason for the discrepancy. For example, in the US consuming grilled meat is a major source of exposure to the colorectal mutagens, heterocyclic amines (Bogen and Keating, 2001) , whereas these are at non-detectable levels among Chinese populations, where stir frying is the preferred meat cooking method (Turesky et al, 2007) .
These and previous findings from the Singapore Chinese cohort do not support hypotheses that dietary factors, whether as single nutrients, foods, or as dietary patterns, are major contributors to the recent rise in colorectal cancer risk in this population. Individual dietary factors with evidence for a role in colorectal cancer include red meat, preserved red meat, and alcohol as risk factors; and dietary fiber, garlic, dairy products, and calcium as preventive factors (World Cancer Research Fund/American Institute for Cancer Research, 2007) . Of these factors, only alcohol intake was associated with colorectal cancer in our data (Tsong et al, 2007) . Neither alcohol nor the other dietary risk factors that we have identified in our data, such as saturated and marine n-3 polyunsaturated fatty acids (Butler et al, in press) and green tea , are likely to explain the recent colorectal cancer trends among Singapore Chinese population.
As an alternative hypothesis, we propose that the rise in type 2 diabetes mellitus (T2D) prevalence in Singapore (Cheah et al, 1985; Ministry of Health, 1998 ) is a major contributing factor to the parallel rise in colorectal cancer risk. We have reported a modest positive association between T2D and colorectal cancer (Seow et al, 2006) . We have also observed a monotonic increase in risk of developing T2D across the spectrum of body mass index, with a moderate association for those among the second decile (HR ¼ 1.70; 95% CI ¼ 1.20 -2.41, for 18.8 -20.2 vs 11.6 -18.8 kg m À2 ) up to a HR of 7.80 (95% CI: 5.80 -10.48) for the top decile (Odegaard et al, 2006) . Possible underlying biologic mechanisms by which insulin resistance may cause colorectal cancer include stimulating proliferation and reducing apoptosis in colon cells, inducing change in cell signalling pathways, such as protein kinase-C and mitogen-activated protein kinase, and alterering the insulin growth factor system, which is responsible for cell growth and differentiation (reviewed by Gunter and Leitzmann, 2006) .
The limitations of principal components analysis include the subjective nature of determining the number of patterns, labelling the patterns, and interpreting these patterns (Martinez et al, 1998) . However, we conducted sensitivity analyses and found a high degree of internal consistency and reproducibility with our patterns (Butler et al, 2006) . These limitations are far outweighed by the strengths of our study, including the use of an food frequency questionnaire that was developed for and validated in our population (Hankin et al, 2001) . In addition, the prospective design of our study reduced the opportunity for differential dietary recall to bias our findings.
In conclusion, neither individual nutrients or foods nor dietary patterns appear to be the underlying explanation for the rise in colorectal cancer among Singapore Chinese. Population trends, in addition to a modest association with T2D in our cohort, as well as a strong underlying biologic mechanism, all suggest that factors associated with insulin resistance, such as visceral adiposity and physical inactivity, may be appropriate targets for reducing colorectal cancer incidence in the Singapore Chinese population. (1993 -1995, 1996 -1998) , diabetes at baseline (no, yes), smoking history (never, 'heavy' or X13 cigarettes per day starting age o15 years, 'light' or non-heavy smokers), body mass index (o20, 20 -23.9, 24 -27.9, X28 m kg 
